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(Translated  from  Hussian) 


The  durability  of  propeller  shafts  of  ships  with  large  tonnage  governs 
their  strength  under  the  action  of  cyclic  bending  stresses  arising  under 
variable  operating  conditions.  The  relative  number  of  overload  cycles 
with  an  amplitude  greater  than  the  durability  limit  of  the  material  from 
which  the  shaft  is  made,  required  to  bring  about  failure  ( o> .. )  is  estimated 
to  be  less  than  1,:.  of  the  total  number  of  loading  cycles.  Overloading 
occurs  basically  when  the  ship  travels  during  a  storm,  and  is  to  be 
explained  by  exposure  of  the  propeller  blades  (to  the  air)  during  rolling 
and  also  as  a  result  of  irregular  variations  in  the  water  velocity  fipld 
in  the  propeller  disc.  Lven  a  small  number  of  overload  cycles  may, 
however,  prove  dangerous  for  the  durability  of  the  propellpr  shaft,  since 
a  large  portion  of  the  cycles  of  the  operational  load  gives  rise  to 
stresses  exceeding  the  limit  of  resistance  to  crack  formation 


Calculation  of  the  durability  of  propeller  shafts  is  complicated  by  the 
fact  that  virtually  no  studies  have  so  far  been  carried  out  on  fatigue 
phenomena  in  press  fits  subjected  to  the  action  of  variable  loads.  In 
connection  with  this,  an  experimental  study  of  durability  under  variable 
cyclic  bending  stresses  was  carried  out  on  a  model  of  a  propeller  shaft 
with  50  mm  diameter  and  with  pressed  on  propeller  boss. 


The  influence  of  the  basic  parameters  of  the  variable  loed  on  the 

durability  of  the  test  specimens  was  studied  using  a  known  criterion, 

I 
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(subsequently  abbreviated  to 


where  is  the  number  of  operating  cycles  ot  to  failure  in  a  test 
under  variable  conditions; 

is  the  number  of  cycles  to  failure  in  a  test  under  steady 
conditions  applying  a  stress  of  ©^; 
k  is  the  number  of  stress  amplitude  levels  greater  than  o'  in 
the  variable  test. 

Test  specimens  were  prepared  from  normalising  carbon  steel  type  35  (o^  - 

2  2  2 
55  kgf/mm  ,  (H  ■  28  kgf/mm  ,  an  ■  6.7  kgf  .  m/cm  ),  frequently  used  in 

the  production  of  ship's  propeller  shafts.  Propeller  boss  materiel  : 

type  45  steel;  after  hardening  and  tempering  :  HB  22D  -  240.  The 

external  diameter  of  the  propeller  boss  pressed  on  to  the  specimen  was 

100  mm;  the  conicity  of  the  end  part  of  the  specimen  and  the  propeller 

boss  opening  was  1  :  20;  the  length  of  the  mating  taper  portions  was  100 

mm.  The  specimens  were  of  a  symmetrical  double-ended  construction,  two 

conical  interference  fits  were  used  simultaneously.  The  conical  surfaces 

of  the  specimen  and  of  the  propeller  boss  were  finished  by  polishing  and 

checked  for  roughness  on  a  dye  gauge  ■  3.2  to  6.3  mcm.  The  mean 

contact  pressure  in  the  fit,  calculated  using  Lamp's  formula,  was  p  *  8  kgf/mm 

The  tests  were  carried  out  on  a  clean  plain  cylindrical  snvil  with  the  aid 
of  an  electromagnetic  resonance  type  apparatus.  As  the  nominel  amplitude 
of  the  bending  stresses  applied  during  the  test,  we  used  its  velue  in  the 
mean  cross  section,  located  at  a  distance  of  at  least  twice  the  diameter 
of  the  test  specimen  from  the  end  face  of  the  propeller  boss  pressed  on  it. 


In  the  first  stage  of  the  investigation  (test  series  I),  we  derived  the 

durability  curve  under  a  constant  cyclic  load.  The  test  was  conducted 

on  16  teat  specimens  at  S  stress  amplitude  levels.  All  fractures  of  the 

specimens  appeared  in  a  section  lying  close  to  the  end  face  of  the 

propeller  boss.  The  results  of  the  tests  under  steady  conditions  are 

shown  in  Fig.  1  (points  1).  Statistical  processing  of  these  results  gave 

5.44 

the  following  equation  for  the  experimental  durability  curve  :  No  • 

1O12-02  and  80£  confidence  limits  4  of  the  mean  durability  curve  (Fig.  1). 

Extrapolating,  while  taking  into  account  data  obtained  with  other  test 
specimens  of  interference  fits  (cf.  points  2,  Fig.  1),  we  find  that  the 
durability  limit  based  on  50  million  cycles  is  orf1  11  kgf/mrn  • 

A  specimen  tested  at  a  stress  amplitude  O'  ■  10  kgf/mm  ,  which  had  not 
fractured  during  the  course  of  30  million  cycles,  developed  fatigue 
cracks  with  depths  up  to  0.5  mm,  distributed  over  the  surface  in  the 
region  of  the  end  face  of  the  hub. 

Specimens  of  the  series  II  -  XI  were  tested  under  variable  loading 

conditions.  The  load  was  applied  in  thp  form  of  repeating  programmed 

blocks,  the  parameters  of  which  wpre  varied  within  the  limits  indicated 

in  the  table.  The  influence  of  the  individual  parameters  can  be  adjudged 

more  readily  by  grouping  series  of  tests.  Series  IV,  VI  and  VIII,  end 

V  and  VII  show  the  influence  of  thp  value  of  om^n  on  the  durability  of  the 

specimens  at  valups  of  t  ■  0.01  and  0.0014.  The  lower  amplitude  limit 

max 

g 

of  streams  giving  rise  to  dosage  at  a  test  based  on  10  cycles  lies  at 

o',  <w  (0.6  -  0.7)0-  ,  o” .  •  Evidently,  the  result  also  holds  for  a 

min  “i  -icr 

g 

case  in  which  the  durability  extends  to  10  cycles,  which  corresponds  to 

the  load  to  which  the  shafting  of  a  freighter  is  subjected  during  a  period 

of  25  -  30  years.  If  it  is  necessary  to  design  details  of  interference 

a 

fits  for  a  durability  in  excess  of  10  cycles,  the  lower  limit  of  damage- 
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producing  stresses  must  be  defined  more  accurately* 

When  the  value  of  ojj^  is  increased  to  (0.0  -  1.0)o^*  these  stresses 
exert  a  stronger  damaging  action.  The  relative  durability  drops  to  a 
value  of  about  0.3  -  0.6  under  these  conditions*  which  corresponds  to  a 
2-  to  3-fold  deviation  of  damage  produced  from  the  linear  law  of 
summation*  with  a  reduced  margin  of  durability. 

In  the  tests  we  did  not  observe  any  significant  differences  in  the  values 
of  -j*  between  o^n  ■  0.8  o^  and  1.0  o^.  According  to  S.V.  Serensen 
(?  Sorensen)  this  phenomenon  is  to  be  explained  by  the  fact  that,  before¬ 
hand  exposure  of  the  specimens  to  stresses  eousl  to  the  durability  limit* 
may  exert  an  even  stronger  action*  leading  to  an  increase  in  the  durability 
during  the  subsequent  changeover  to  stresses  o<  > 

The  results  of  the  tests  of  series  II  -  VII  make  it  possible  to  gauge  the 

influence  of  another  important  parameter*  the  relative  number  of  cycles  of 

the  action  of  stress  with  maximum  amplitude  t  on  the  relative  durability 
.  max 

— .  A  lowering  of  t^.  results  in  an  increase  in  the  number  of 

v  max 

cycles  of  the  action  of  stress  at  the  minimum  level  n  to  failure, 

min 

which  leads  to  an  increase  in  the  proportion  of  fatigue  damage  caused  by 
their  action. 


The  difference  in  the  values  of  ^  —  corresponding  to  t  ■  0.01  and 

max 

0.0014  respectively  appeared  at  first  sight  to  be  unexpectedly  small. 

The  reason  for  this  lies  in  the  fact  that  the  level  of  o->  was  increased 

max 

in  series  V  and  VII  in  order  to  prevent  an  increase  in  the  durability  in 
the  experiments  due  to  a  lowering  of  t  to  0.0014.  The  combinations 


t  and  o-  in  series  VI  and  V,  and  VI  and  VII  were  such  that  the 
IWaX 

wax 

duration  of  the  tests  and  hence  the  number  of  cycles  of  stress  application 


°min  were  approximetely  equal.  Consequently*  fatigue  damage  due  to  the 


action  of  the  stresses  o^n  was  identical,  resulting  in  approximately 
equal  values  of  jj-. 


It  is  of  interest  to  conduct  an  analysis  of  the  effect  of  stresses  at  the 

minimum  level  in  the  tests  of  the  series  II  -  \i  (o'  ■  0.8  o'  .  t  - 

min  -1*  max 

0.4,  0.1,  0.01,  0.0014)  using  another  criterion,  the  magnitude  of  the 

specific  damage  q  ,  i.e.  damage  due  to  one  stress  cycle  o',  : 

°min  "in 


^*IBW 


Sn 

nr 


where  n  ^  is  the  number  of  stress  cycles  o*  to  break  in  the  variable 
(r .  min 

min 


stress  tests!  the  quantity  q 


n  corresponds  to  the  proportion  of 
min  °Stin 


damage  due  to  the  stresses  oj*^. 

The  analysis  shows  that  the  values  of  q  obtained  in  tests  based  on 
8  min 

10  cycles,  i.e.  for  t  ■  0.01  and  0.014,  are  the  most  reliable  ones. 

max 

This  is  bound  up  with  the  fact  that  the  error  inherent  in  the  calculation 

of  q  due  to  the  error  in  the  determination  of  the  durability  N  in  the 
°min 

tests  under  steady  stress  conditions,  decreases  with  an  increase  in  the 
duration  of  the  variable  load  test.  Therefore,  we  subsequently  make  use 

of  the  values  of  q  determined  in  tests  with  t  *  0.01  and  0.0014. 

O' ,  o-* 

min  max 

Fig.  2  illustrates  the  values  of  q  corresponding  to  (h,  -  7,  8.7  and 

2  °min  min 

11  kgf/mm  ,  and  those  obtained  in  the  tests  under  steady  conditions  for 


values  of  q 


n>  °--i 


.  The  observed  trend  of  the  dependence  of  the 


specific  damage  on  the  stress  amplitude  in  the  range  from  (0.6  -  Q.7)o- 
to  2.2  o^  enables  us  to  express  the  number  of  cycles  to  break  n  under 
conditions  of  variable  stress  by  the  following  equation 


I*  (2) 

where  t^  is  the  relative  umber  of  cycles  of  the  application  of  stress  o^, 
under  variable  conditions) 
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q  is  the  specific  damage  due  to  the  action  of  the  stress  <k 


(q  is  determined  in  tests  under  steady  conditions 

°L>  °^1 


and  q  in  variable  tests  based  on  a  large  number  of 

°i*  °“-1 


cycles). 

Oeriving  equation  (2)  which  agrees  with  known  expressions  for  linear 
summation  of  the  damage^  —  »  1  and  differs  from  the  latter  in  that. 


owing  to  the  change  in  l/f^  by  q^,  it  is  possible  to  study  thr  damaging 


effect  of  smaller  durability  limits.  It  is  assumed  that  the  absence  of 


an  effect  on  q  at  the  other  levels  of  oj,  the  latter  is  confirmed  by  an 


analysis  of  the  values  of  q  ,  obtained  in  the  tests  of  the  series  IV  - 

min 


VII.  in  which  there  was  no  effect  of  the  level  of  o^  on  q  (Fig.  3). 
9  max  o-'  . 

min 


Transition  from  the  level  o'  *  1.65  »»  to  o£  *  2.2  o-*„  leads  to  somr 

max  "I  max 


Taking  into 


lowering  of  the  value  flfqg  ^  ^  but  an  increase  in  q^  , 
consideration  the  fact  the  large  random  scatter  of  results,  these  changes 


in  q  cannot  be  regarded  as  significant. 
°min 


In  series  IX,  X  and  XI  we  studied  the  influence  of  the  number  of  cycles  in 

n 


the  programmed  block  on  ^  ^  . 


In  the  tests  of  series  IX  and  X  the 
composition  of  the  load  spectra  of  the  stresses  was  practically  the  same. 
The  load  applied  in  series  XI  differed  by  a  significantly  smaller  relative 
number  of  stressing  cycles  o- ^  and  their  lower  amplitude  level. 

Fig.  4  gives  information  about  the  magnitude  and  nature  of  the  loads. 

It  also  shows  the  results  of  tests  which  indicate  somewhat  lower  values  of 


rr  in  series  IX  as  compared  with  those  of  series  X.  statistical 


analysis  confirms  this  lowering  at  the  0.10  confidence  level.  The  mean 
value  0.75  of  the  relative  durability,  obtained  in  test  series  XI,  shows 


that  the  reduction  in  the  durability  of  a  propeller  shaft  under  actual 
operational  conditions  which  is  determined  by  frequent  variations  in  the 


magnitude  of  the  variable  load  also  must  not  be  significant*  The 
results  of  the  tests  of  series  X  also  show  that  the  number  of  stress 
amplitude  levels  in  one  programmed  load  block  does  not  affect  the 
relative  durability. 

Thus,  calculation  of  the  durability  under  variable  loads  is  carried  out 
using  equation  (2). 

The  results  given  in  the  table  show  that  there  is  only  an  insignificant 
difference  between  calculated  and  experimental  values.  In  the  calculations 

,Q 

we  used  the  values  Qn  Q  »  0.58  x  10  and  q  -  0.68  x  10  .  obtained 

U  •  BO'  ^  O-  ^ 

as  logarithmic  means  in  the  tests  of  series  IV  -  VII. 

In  the  absence  of  results  of  tests  under  variable  conditions,  information 
about  q  ,  necessary  for  calculating  the  durability  of  interference 

*-1 

fits  under  conditions  of  variable  cyclic  loading,  may  be  obtained  by 
extrapolating  the  durability  curve  in  the  region  of  stresses  with  a  lower 
durability  limit  to  values  of  o£  (0.6  -  D.7)  o-^  Fig.  1  shows  in 
addition  to  the  results  of  tests  under  steady  conditions,  the  relative 
durabilities  corresponding  to  stresses  below  o*  determined  in  the  tests 
under  variable  stress  conditions  of  series  IV  -  VIII,  as  l/q^_.  (points  3). 
The  method  of  extrapolation  is  less  accurate  but  the  calculation  error 
lies  within  the  durability  margin. 

Conclusions 

On  the  basis  of  the  results  examined  here,  applicable  to  non-secured 
running  of  shafts  made  from  carbon  steel,  the  following  conclusions  may  be 


drawn 


1 


-  a  - 

Thp  lower  amplitude  limit  of  damaging  stresses  is  represented  by 
stresses  (0.6  -  0.7)  a*  ^ . 

g 

7.  Durability  up  to  10  cycles  may  be  described  by  the  expression 
n£*  ( t^  )”\  where  Pq,  >  ^  t  is  determined  in  the  tests 
under  steady  conditions  and  ^  under  cyclic  loading  in  10® 
cycle  tests. 

3.  The  number  of  cycles  in  one  programmed  loading  block  exerts  only 
an  insignificant  influence  on  the  relative  durability. 

4.  The  number  of  stress  amplitude  levels  in  programmed  loading  dors 
not  affect  the  relative  durability. 


Basic  parameters  and  results  of  tests  under  variable  loading  cycles  conducted 
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iqd  are  the  actual  (experimental)  ana  calculated  (from  equation  (2))  numbers  of  cycles  to 
failure  in  testing  under  variable  cyclic  loading. 
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£Alls__l!  'ipsults  of  cyclic  bending  tests  conducted  on  ?.  model  of  a 
propeller  shaft  with  press-on  propeller  boss. 

1,2-  tests  under  steady  conditions;  3.  -  oomin  1  durability, 
determined  in  tests  under  variable  conditions  as  1/o  (aihere  a  is 
the  v*1up  of  thr  cgpcific  damage);  4.  -  region  of  0CrA  confidence 
limi t. 


Specific  dom<  yr  (q)  vs.  amplitude  of  cyclic  bending  stress  (»»;. 
1  -  steady  conditions;  2  -  v„ri<,ble  conditions. 


(cycles) 


pries  lx 

■  1400  cycles 
,erips  X 

IJ,  ■  103000  cycles 
b 

[■eries  XI 

l\l  *  300  cycles 


Influence  of  the  number  of  cycles  in  the  programmed  loading  block  i« 
on  the  relative  durability  —  (r.)  end  the  form  of  the  lo  ding 

blocks  (b). 


DOCUMENT  CONTROL  SHEET 
(Notes  o>  completion  overleaf) 


Overall  security  classification  of  aheet 


(As  far  ae  possible  thia  aheet  should  contain  only  unclassified  information.  If  ia  ia  neceaaary  to  enter 
classified  information,  the  boa  concerned  mist  he  marked  to  indicate  the  claaeifieation  at  (R),(C)  or  (S)). 


1.  MIG  Reference  (If  known) 

2.  Originator's  Reference 

2.  Agency  Reference 

DRIC-T-6880 

4.  Report  Security 

^y^^^^ion 

5.  Originator's  Cede 
(if  known) 

9999000N 

6.  Originator  (Corporate  Author)  Hama  and  Location 

SUDOSTROENIE  No. 6,  (1977)  22  -  25 

5e. Sponsoring  Agency's 

Code  (if  known) 

7221000N 

6a. Sponsoring  Agency  (Contract  Authority)  Name  and  Location 

Procurement  Exec.,  Min. of  Defence 

Defence  Res. Info. Centre,  UK. 

7.  Title 


DURABILITY  OF  PROPELLER  SHAFT  INTERFERENCE  FITS 
_ UNDER  VARIABLE  CYCLIC  LOADING. _ 

7a. Title  in  foreign  Language  (in  the  caaa  of  trenalationa) 


Tb.Preaanted  at  (for  conference  papera).  Title,  place  and  data  of  conference 


S.  Author  l.SurnssM,  initials 

9a  Author  2 

9b  Authors  3,  4... 

10.  Date 

PP 

ref 

Fedorov,  A.S. 

Pasumanskii , E . M 

et  al 

5.1983 

11 

O 

11.  Contract  Hunker 

12.  Period 

13.  Project 

14.  Other  References 

IS.  Diatributiom  atatament 


IS.  Daecriptore  (or  keywords) 

♦Propeller  shafts,  *Life  (durability),  Fatigue  strength  at  N  cycles,  Model  tests, 
Bending  stress,  Cyclic  loads. 


continue  on  aeperete  piece  of  paper  £t  neceeeery 


dhe tract  Determination  of  the  durability  of  propeller  shafts  is  complicated  by  the  lack 
of  knowledge  of  fatigue  phenomena  in  interference  fits  subjected  to  variable  loads. 
In  view  of  this  experimental  studies  were  carried  out  on  a  model  propeller  shaft 
under  varying  cyclic  bending  stresses.  An  expression  is  derived  for  durability  up 
to  1000  million  cycles  for  carbon  steel  shafts. 


RS 


